
SPHYGMOGRAPHIC STUDY OF A CASE OF COMPLETE
HEART-BLOCK

A CONTRIBUTION TO THE STUDY OF THE ACTION OF STROPHANTHUS ON
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One of the most interesting of the disturbances of cardiac function
is the one known as heart-block, a condition in which the auricular and
ventricular rhythms are dissociated and in which a most notable infre-
quency of the pulse is usually observed. The experimental work of
Humblet,1 Hering,2 and of Erlanger3 on the atrioventricular bundle of
His and the concomitant observation that heart-block may occur spon-
taneously in man have so stimulated the study of bradycardia that,
within a few years, a relatively large number of cases presenting the
phenomenon of auriculoventricular dissociation has been reported. Dis-
sociation of the contractions of auricles and ventricles is most often
found in patients suffering from the Adams-Stokes syndrome. There
have been, however, a few undoubted cases exhibiting the symptom-com-
plex of permanent bradycardia in association with syncopal or epilepti-
form attacks, in which the condition of auriculoventricular dissociation
could be definitely excluded (L\l=e'\pine4). On the other hand, heart-block,
either complete or incomplete, has been found in cases in which there
were at no time any of the nervous phenomena which characterize the

*From the laboratories of the Jefferson Medical College Hospital.
1. Humblet: Le faisceau inter-auriculo-ventriculaire constitue le lien physi-

ologique entre les oreillettes et les ventricules du c\l=oe\urdu chien. Arch. internat.
de physiol., 1904, i, 278; 1906, iii, 330.

2. Hering, H. E.: Ueber die Erregungsleitung zwischen Vorkammer und
Kammer des S\l=a"\ugetierherzens. Arch. f. d. ges. Physiol., Bonn, 1905, cvii, 97.

\p=m-\. Nachweis, dass das His'sche Uebergangsb\l=u"\ndelVorhof und Kam-
mer des S\l=a"\ugetierherzensfunctionell verbindet. Zweite Mitteilung. Ibid., 1905,
cviii, 267.

3. Erlanger, J.: The physiology of heart-block in mammals with especial ref-
erence to the causation of Stokes-Adams disease. Jour. Exper. Med., 1905, vii,
676; 1906, viii, 8.

4. L\l=e'\pine,R.: Sur un cas de syndrome d'Adams-Stokes sans blocage. Semaine
m\l=e'\d.,1907, xxvii, 601-603.
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Adams-Stokes syndrome (Mackenzie,5 Joachim,6 Gerhardt,7 James,8
Chauffard,9 Gibson,10 Jellinek and Cooper,11 Bachmann12). Heart-
block, of a transitory character, may also be observed in digitalis poi¬
soning.

The observations recorded in the present paper were made on the
patient presenting the Adams-Stokes symptom-complex whose clinical his¬
tory will be reported by Dr. Kalteyer later.

The notably infrequent pulse and the presence of relatively frequent
faint fluttering pulsations at the root of the neck made one suspect the
cause of the bradycardia to be dissociation in the action of auricles and
ventricles. The movements of the apex beat, carotid and jugular pulses
Avere accordingly recorded in order to decide this question.

Fig. 1.—Simultaneous tracings of pulsations in the right internal jugular
vein, carotid artery and of the apex-beat (Dec. 30, 1908).

Figure 1 is one of the tracings obtained during the first days of the
patient's stay in the hospital. This tracing shows that the ventricular
contractions were infrequent and regular, and that each of these was

5. Mackenzie, J.: The cause of heart irregularity in influenza. Brit. Med.
Jour., 1902, ii, 1411.

6. Joachim, G.: Das Verhalten des linken Vorhofes bei der St\l=o"\rungder Reiz-
leitung. Ztschr. f. klin. Med., 1907, lxiv, 95.

7. Gerhardt, D.: Beitrag zur Lehre vom Pulsus intermittens und von der
paroxysmalen Bradycardie. Arch. f. exper. Pathol. u. Pharmakol., 1904, li, 11.

8. James, W. B.: A clinical study of some arrhythmias of the heart. Am.
Jour. Med. Sc., 1908, cxxxvi, 469.

9. Chauffard: Bradycardie asystolique. Rev. g\l=e'\n. de. clin. et de th\l=e'\rap.,
1907, xxi, 437.

10. Gibson, G. A.: A discussion on some aspects of heart-block. Brit. Med.
Jour., 1906, ii, 1113.

11. Jellinek, E. O., and Cooper, C. M.: Report, with comment, of six cases of
heart-block, with tracings, and one postmortem examination of the heart. Brit.
Med. Jour., 1908, i, 796.

12. Bachmann, G.: Complete auriculoventricular dissociation without syncopal
or epileptiform attacks. Am. Jour. Med. Sc., 1909, cxxxvii, 342-364.
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240 SPHYGMOGRAPHW STUDY OF COMPLETE HEART-BLOCK

followed by a carotid pulsation; the auricular contractions (a), as

reflected in the jugular pulsations, were from two to three times as

frequent as the ventricular contractions. The auricles and ventricles
exhibited, therefore, a different rhythm, each rhythm, moreover, bear¬
ing no definite relations to the other. In other words, the ventricular
contractions Avere absolutely independent of the auricular contractions,
and the notable bradycardia observed in the patient Avas due to the fail¬
ure on the part of the auricles to excite the ventricles to contraction.
There was, therefore, a complete block to the passage of the excitation
Avave from the auricles to the ventricles, and the latter Avere beating by
virtue of their own power of rhythmic stimulus-production.

The ventricular and auricular rates of contraction during the first
days the patient was under observation are given in Table 1.

Fig. 2.—Tracing showing a well-marked "sinus Avave." This Avave, attributed
to the contraction of the mouth of the precava, is marked by an X (Dec. 31,
1908).

Table 1.

Oct.
Oct.
Oct.
Oct.
Oct.

Date
27,
28,
30,
30,
30,

1908.
1908.
1908.
1908.
1908.

No. of
Vs.

.

13
. 23

.

19

.

18

.

15

Duration
in 1/10

sec.
206
411
352
345
283

No. of Vs.
per. min.

37.86
33.57
32.38
31.3
31.8

No. of As.
34
53
44
43
38

Duration
in 1/10

sec.
238
424
359
364
313

No. of As.
per. min.

85.71
75
73.53
70.87
72.84

As : Vs
2.26:1
2.23:1
2.27:1
2.26:1
2.29:1

Average 33.38 75.59 2.26:1

A closer analysis of the tracing (Fig. 1), Avhich may be used as a

type, shows in the record of the jugular pulsations a number of posi¬
tive waves of unequal heights. Those marked a are referable to the con¬

tractions of the right auricle; those marked s are due to the upxvard
projection of the tricuspid valve into the cavity of the auricle at the
beginning of ventricular systole. These correspond to the Avave usually
designated c, and in this instance it is often vitiated by the pulsation
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of the subclavian artery, owing to the latter's abnormally high position
above the clavicle. The third positive wave, v, is probably attributable
to the relaxation of the papillary muscles and the ascent of the auriculo¬
ventricular septum at the end of ventricular systole. The height of
the auricular waves varies according to the time of occurrence of the
auricular contractions, being very high when the auricular contraction

Fig. 3.—Tracing from the right radial artery. There are no abnormal waves

on the katacrotic limb of the pulse wave as seen in most of the other tracings
obtained from the carotid artery.

takes place during ventricular systole, and very low when the auricular
contraction occurs shortly after the beginning of ventricular diastole.
This finds its explanation in the ventricular pressure changes occurring
during the cardiac cycle. If, when the ven trie1 e is in a state of con¬

traction, the auricle suddenly contracts, the rise of intra-auricular pres¬
sure Avhich follows is sufficient to overcome the high intraventricular

Qiwiiac Apex.
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Fig. 4.—Tracing taken on Nov. 19, 1908, at a time when the syncopal and
epileptiform attacks had become more frequent and more severe. The apparent
4:1 rhythm is purely accidental.

pressure, and the auricular blood will be forced backward into the large
veins, which in consequence will be suddenly and forcibly distended.
When the auricular contraction takes place, either at the beginning or
toward the end of ventricular systole, the resulting wave is also very
high. This high wave is due, in the first instance, to the addition of
the s to the a Avave; in the second instance, to a blending of the  with

Downloaded From: http://archinte.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 06/05/2015



242 SPHYGMOGRAPHIC STUDY OF COMPLETE HEART-BLOCK

the a wave. In either case the resulting compound wave is generally
higher than either wave taken separately. A small wave immediately
preceding the a wave can be seen in most of the tracings illustrating this
article. This wave has been observed and described by Erlanger and
by Gibson, and has been attributed by them to the contraction of the
mouth of the vena cava (sinus contraction) ; it is more likely to appear
AAdien the veins are well filled. This sinus Avave is especially well de-

/ /
aJtIA^Ku
¿^ ^'-^ 

Fig. 5.—Tracing taken during a short attack.

fined in Figure 2, which was taken on a day (Dec. 31, 1908) when the
jugular veins were more distended than usual.

The carotid pulse in nearly all the tracings is of the anacrotic type
and has the rounded summit typical of the senile pulse. There are faint
indications of small waves on the katacrotic limb of the pulse wave out¬
side of those normally found there. They bear a definite relation to
the a waves of the jugular pulse, and are in all probability due to the

Fig. 6.—Tracing taken during a longer attack. Note the prolonged stoppage
in the ventricular contractions and that the convulsive movements do not occur
until toAvard the end of the ventricular silence. The auricles go on beating regu¬
larly.

latter. That they are not produced by variations in intraventricular
pressure affecting the arterial blood column is shown by the absence of
such waves in the radial pulse (Fig. 3). When these waves are intrinsic
in the artery they may be demonstrated in the radial pulse, as in Web¬
ster's case and in some of Gibson's cases, or in ihe brachial pulse, as in
Erlanger's case.
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The record of the apex-beat varies in appearance in the various
tracings. This is due, in part, to changes which took place in the
tonicity of the heart, the systolic plateau becoming better sustained as

the patient improved, but in greater part to changes in the position
which the patient assumed while the tracings were taken from day to
day. The patient suffered at first from orthopnea and had to be
propped up, with the result that the heart receded from the chest wall ;
as improvement progressed it became possible for the patient to assume

the recumbent posture without inconvenience; under such circumstances
a better record of the apex-beat was obtained, as shown by the later
tracings. The ventricular systole is somewhat prolonged, lasting from
0.4 to 0.5 second. The diastolic period is interrupted by a varying num¬

ber of small waves which correspond to the a waves of the jugular
tracing, and have the same significance. The auricular contractions,
which, as mentioned above, occur during the ventricular contraction,
influence the form of the systolic plateau in that they deform it, usually
causing a pronounced indentation or a "crushing" of its summit. This
effect of an auricular contraction on the form of the systolic could not
serve as a reliable means of identifying an auricular systole, so that a

record of the apex-beat alone can not be used for estimating the number
of auricular contractions in the cardiac cycle in cases of auriculoven¬
tricular dissociation.

From the time of admission (Oct. 26, 1908) until November 10 fol¬
lowing, the patient had six attacks of A'ertigo followed by loss of con¬

sciousness. On November 10 the syncopal attacks became more frequent
and were accompanied by epileptiform convulsions. A number of
tracings were taken on this date, but no syncopal attack occurred during
the observation. The analysis of the tracings, however, revealed the
interesting fact that, while the auricular frequency had remained prac¬
tically unchanged, the ventricular frequency had fallen considerably.

Table 2.
Duration Duration

No. of in 1/10 No. of Vs. in 1/10 No. of As.
Date Vs. sec. per. min. No. of As. sec. per. min. As : Vs

Nov. 10, 1908.. 9 269 20.07 31 276 67.5 3.36:1
Nov. 10, 1908.. 10 280 21.42 37 281 78.28 3.65:1
Nov. 10, 1908.. 9 260 20.76 33 264 75 3.61:1
Nov. 10, 1908.. 9 272 19.85 34 280 72.85 3.67:1
Nov. 10, 1908.. 9 280 19.28 38 295 77.2 4. :1
Nov. 10, 1908.. 8 238 20.16 33 240 82.07 4. :1

Average.
— -

20.25
— -

75.48 3.72:1

A comparison of Table 2 with the preceding one shows that the ven¬

tricular frequency fell from an average of 33.38 per minute to an aver¬

age of 20.25 per minute. The auricular frequency, as stated above, did

Downloaded From: http://archinte.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 06/05/2015



244 SPHYGMOGRAPHIC STUDY OF COMPLETE HEART-BLOCK

not change, so that the As : Vs ratio became in consequence greater,
the average being 3.72 :1, instead of 2.26 :1, as in Table 1, while in
some individual tracings this ratio reached 4 :1 (Fig. 4). It seems as

if there were some direct relation between the slowing of the ventricu¬
lar contractions and the increased frequency and severity of the syncopal
attacks. Accordingly, this sloAving of the ventricles might be regarded
as the expression of a general tendency on their part to cease contracting,
at least temporarily, and thereby to bring about the various nervous phe¬
nomena observed in the Adams-Stokes syndrome, through anemia of the
nerve centers. In this case, as in most cases so far reported, it was

observed that the syncopal and epileptiform attacks Avere immediately
preceded by a complete disappearance of the pulse for a variable period

Time Jjiosec
Fig. 7.—Tracing ta-ken 4 hours 30 minutes after the injection of atropin

(Nov. 14, 1908).

of time, usually a few seconds (4 to 8). In one instance, hoAvever, the

pulse disappeared from the wrist for fully four minutes, when the
patient became relaxed and was apparently lifeless. Dr. Hull, the
interne on duty, raised the foot of the bed and performed artificial res¬

piration. His efforts Avere reAvarded by a return of the patient to con¬

sciousness; the pulse-rate rose rapidly to 120 per minute, to return
shortly after to its usual low rate. This increased ventricular fre¬
quency, at the end of an attack, has been observed in many cases of
Adams-Stokes syndrome.

The presence of a complete auriculoventricular dissociation having
a permanent character is strongly suggestive of an organic lesion of

Downloaded From: http://archinte.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 06/05/2015



GEORGE BACHMANN 245

the muscle bundle of His.13 Nevertheless, in order definitely to exclude
the possibility of this disorder originating in some disturbance in the
innervation of the heart, the atropin test was applied. Dehio was the
first to employ atropin as a means of determining the part played by the
cardio-inhibitory apparatus in infrequent or in irregular action of the
heart. The same observer used the atropin test in a case of Adams-
Stokes symptom-complex and found that the drug did not influence
the pulse-rate in any notable manner. Since then atropin has been
used by a number of investigators in similar cases. The effect of atro¬
pin on the heart, under such circumstances, varies with the degree of
heart-block present. When the block is complete, atropin causes a more

or less marked increase in auricular frequency while the ventricular
rate remains practically unchanged; when the block is incomplete, the
increase in auricular frequency is accompanied by an increase in ven-

Fig. 8.—Tracing taken immediately before the administration of strophanthus
(Nov. 20, 1908).

tricular frequency, owing to the circumstance that some of the auricu¬
lar impulses are able to reach the ventricles and excite these to contrac¬
tion. The action of atropin in heart-block is explained by the fact,
established experimentally by Erlanger and others, that the vagus nerve
acts directly on the auricles only (possibly only on the right auricle) ;
the increased ventricular (pulse) rate which normally follows the sus-

13. Some doubt has been expressed by Kronecker and Imchanitzky concerning
the generally accepted opinion that the muscle bundle of His is the pathway con-
ducting the excitation process from auricles to ventricles; they maintain that
ligation and crushing of the bundle of His proper, without including in the liga-
ture any of the adjacent tissues, will not cause any incoordiation between auricu-
lar and ventricular action (Arch. internat. de physiol., 1906, iv, July). Paukul.
working in Kronecker's laboratory, has recently confirmed the findings of the
above named investigators Ztschr. f. Biol., 1908, li, 178-196.
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246 SPHYGMOGRAPHIC STUDY OF COMPLETE HEART-BLOCK

pension of vagus action is secondary to the increased auricular rate.
The presence of a complete block between auricles and ventricles nat¬
urally renders the latter absolutely independent of any change in the
rate of the former.

The dose of atropin ordinarily recommended for this test is 1/50
grain hypodermically, but owing to the patient's unfavorable condition
it was thought safer to administer a smaller dose—viz. : 1/100. The
results are given in Table 3.

Table 3.—Effect of Atropin, 1/100 Grain Hypodermically
Time In¬
jection of No.
atropin. of

Vs.
Before_ 0
Before.... 7
Before.... 7
After—
Hr.Min.

5. .

12.
18.
23.
28.
33.
37.
43.
48.
58.

1.14.
1.19.
1.25.

1.31.
1.40.

1.46.
1.53.

4.30. .

4.35..
4.40..
4.45..
4.50..

.

7

.

7

.

7

.

6

.

8

.

9

.

9

.

9

.

9

.

8
.10

.

8

.

8
.11

Duration
in 1/10 No. of Vs.

sec. per min.
175 20.57
202 20.79
202 20.79

197
192
199
222
224
259
277
280
273
248
246
257
274
295

291
211

216
184
211
256
232
234
232
219

21.32
21.87
21.10
16.21
21.42
20.84
19.48
19.28
19.78
20.
24.39
18.67
17.52
22.37

18.55
19.9

19.44
29.34
19.9
21.09
20.69
20.51
20.69
19.17

Duration
No. of in 1/10 No. of As.

As. see. per min.
24 184 78.26
28 20G 81.55
26 198 78.78

27
26
26
33
30
33
37
39
37
37
37
39
44
43

52
36

37
35
38
40
32
34
36
30

210
205
214
230
235
262
280
289
285
259
250
275
291
280

312
257

230
218
234
266
241
246
240
229

77.14
76.09
72.89
86.09
76.59
75.57
79.28
80.96
77.89
85.71
88.8
85.1
90.72
92.14

100
84.04

96.52
96.33
97.43
90.22
79.66
82.92
90.
78.6

As:V
3.80
3.92
3.78

3.61
3.48
3.45
5.31
3.57
3.62
4.12
4.2
3.94
4.28
3.64
4.55
5.17
4.11

5.39:1
4.22:1

4.96
3.28
4.89
4.27
3.85
4.04
4.35
4.1

Remarks.

Atropin injected.

Vs. irregular.
Vs. regular.
Vs. regular.
Vs. irregular.
Vs. regular.
Fig. 5.
Vs. regular.
Syncopal attack.
Vs. stopped 4.8 sec. Fig. 6.
Syncopal attack.
Vs. stopped 4.9 sec.

Vs. irregular.
Vs. regular.
Syncopal attack. Vs.
stopped twice, each 4.9 sec.
Vs. regular.
Vs. regular.
Vs. regular.
Vs. regular.
Vs. regular.
Vs. regular.
Vs. regular.
Vs. regular.

The above analysis of the tracings shoAvs the usual outcome of the
atropin test in cases of complete heart-block—namely, acceleration of the
auricles—the ventricular rate remaining unaffected. But definite con¬

clusions from the ventricular action can not be draAvn in this instance
because of its irregularity during the greater part of the test. Several
typical attacks occurred while the tracings Avere being taken. The
dependence of the convulsive seizures on the cessation of the ventricular
contractions is Avell illustrated in tracings Figures 5 and 6, Avhere the
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time of occurrence of the convulsive movements is plainly shown. It will
be seen also that complete stoppage of ventricular action may occur sud¬
denly without the preliminary gradual slowing generally observed
(Fig. 6). Tracing Figure 5 demonstrates the increased ventricular
rate which follows an attack. It is a noteworthy fact that nearly all of
the instances of ventricular stoppage I was able to record during the
observation lasted 4.9 seconds and that the prolonged stoppage seen in
Figure 6 is a multiple of this (9.8 seconds). The auricular contrac¬
tions, under the influence of atropin, remained perfectly regular through¬
out the test with the exception noted below. The increase in rate was

but slight and occurred late—much later than has been observed hereto¬
fore. It is probable that the smallness of the dose of atropin employed,

Timt'llosct.
Fig. 9.—Tracing showing the effect of strophanthus. The auricular contrac¬

tions have decreased, the ventricular contractions have increased in frequency
(Nov. 23, 1908).

as well as the sluggish state of the patient's circulation, are the factors
responsible for this slight and slow response. There does not seem to
be any relation between the stoppage of the ventricles which precedes an

attack and the frequency of the auricular contractions. Erlanger states
that in the case he studied the slowing of the ventricles was synchron¬
ous with a sudden acceleration of the auricles. I was unable to con¬

firm this observation in the case under discussion. The auricular rate,
it is true, increased under the influence of atropin; this increase, how¬
ever, was not a sudden but a gradual one, and the observation made by
Erlanger that atropin will not call forth an attack is attributed by him
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248 SPHYGMOGRAPHIC STUDY OF COMPLETE HEART-BLOCK

to this circumstance. The only thing of note in this connection is a

slight and momentary auricular arrhythmia which took place during a

mild attack (Fig. 5). This is the only instance in which this was

observed and may have been, therefore, nothing but a coincidence. The
complete dissociation of the action of auricles and ventricles, together
with the results of the atropin test, indicate that the break in the con¬

ducting path between auricles and ventricles is complete and consti¬
tutes strong presumptive evidence of an organic lesion implicating the
bundle of His to a marked extent. An opportunity is thereby made
available for the study of drugs used in cardiac therapeutics, about whose
mode of action there may still be some doubt. Such a drug is strophan-
thus. Germain See and Gley, Delseaux14 and other pharmacologists are

of the opinion that strophanthus does not modify the cardiac rhythm
through any action on the medulla or on the cardiac nerves. On the

I Cardùu Aptx
,juwm«M!tiwuu»uuinww«BMw»nn<in * 4    ««« »»<  *«««* Wwuw

Timttlmtlt.

Fig. 10.—Tracing taken after the withdrawal of strophanthus. Note the re¬

turn of auricular contractions to their former rate. The action of the entire
heart has increased in strength as shoAvn by the increased height of the auricular
and ventricular contractions (Dec. 29, 1908).

other hand, Kochmann15 observed that, after section of both vagi, stro-
phanthin (Merck) did no longer diminish the rate of the heart-beat.
Liagre16 was able to fully confirm these latter findings with both the
tincture of strophanthus and strophanthin. He found, also, that these
preparations will fail to slow the heart's action when the vagi have
had their conductivity suspended by means of atropin. He demon-

14. S\l=e'\e,Germain, and Gley and Delseaux (quoted by Liagre) : Jour. de physiol.
et de path. g\l=e'\n.,1906, viii, 988).

15. Kochmann: Beitrag sur Wirkung einiger K\l=o"\rperder Digitalisgruppe auf
den N. Vagus. Arch. internat. de pharmocod., 1906, xvi, 221.

16. Liagre, C.: Action de la teinture de strophantus et de la strophantine sur

le rhythme du c\l=oe\ur. Jour. de physiol. et de path. g\l=e'\n.,1906, viii, 988.
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strated, furthermore, that strophanthus, or its alkaloid, does not produce
any bradycardia in the perfused and isolated heart, but that, on the
contrary, a noticeable tachycardia ensues which, if the close be too large,
is complicated by arrhythmia.

In a previous communication12 I showed that strophanthus given in
medicinal doses, in a case of complete heart-block, decreases the auricu¬
lar rate, while the ventricular rate remains practically constant. The
action of the drug Avas also studied in this case. Five minims of the
tincture of strophanthus (IT. S. P.) was given three times a day from
November 21 till November 25, on which date the dose was increased
to ten minims. The administration of the drug was continued at this
dose till Dec. 7, 1908, when it was withdrawn altogether. Tracings
Avere taken just before the administration of strophanthus and then
afterward, sufficiently often to determine the reaction of the heart
toward the drug; the observations were continued after its withdrawal.
The results are presented in Table 4, and are also graphically repre¬
sented in a chart (Fig. 12).

Table 4.—Effect of Strophanthus

Date.

11/20,'08.

11/21,'08.
11/22,'08.
11/23,'08.
11/25,'08.
11/26,'08.
11/27,'08.
11/28,'08.
11/29,'08.
11/30,'08.
12/2, '08.
12/5, '08.
12/7, '08.
12/9, '08.
12/11,'08.
12/13,'08.
12/15,'08.
12/17,'08.
12/19,'08.
12/20,'08.

No. Duration Duration
of in 1/10 No. of Vs. No. of in 1/10 No. of As.
Vs.

26
55
55
31
22
48
30
34
25
38
40
30
30
36
58
52
48
34

sec.
207
203
201
238

681
1208
1477

592
399
904
619
728
512
794
836
636
664
774

1234
1058
1016
692

per min.
23.18
23.64
23.88
23.68

22.9
2/.31
22.34
31.41
33.08
31.85
29.07
28.02
29.29
28.71
28.7
28.3
27.1
27.9
28.2
29.53
28.34
29.47"

As.
25
26
26
28

78
116
180

64
46
88
61
74
56
90
93
81
78
97

175
138
128
100

sec.

204
219
214
235

729
1271
1535

600
417
938
636
753
521
807
879
701
680
817

1308
1113
1070
720

per mm.

73.52
71.23
72.89
71.48

64.19
54.76
70.35
64.
66.18
56.29
57.54
58.96
64.49
66.91
63.48
69.32
68.8
71.23
80.27
74.39
71.77
83.33

As :Vs.

12/27,'08.
12/29,'08.
12/31,'08.
1/2, '09.
1/4, '09.
1/6, '09.
1/8, '09.
1/10,'09.

44
42
52
52
43
45
54
42

989
887

1032
1151
910
963

1123
926

26.69
28.41
30.23
27.1
28.35
28.03
28.85
27.21

137
131
162
155
135
151
156
135

1073
968

1102
1228

960
1020
1157
992

76.6
81.2
88.2
75.73
84.37
88.88
80.9
81.65

3.15
3.01
3.05
3.15

2.8
2.
3.14
2.03
2.00
1.45
2.2
2.1
1.98
2.33
2.21
2.44
2.53
2.55
2.84
2.51
2.53
2.82

2.86
2.85
2.91
2.8
2.97
3.17
2.8
3.

Remarks.

-

Before.

Strophanthus m.v. t.i.d.
Strophanthus m.v t.i.d.
Strophanthus m.v t.i.d.
Strophanthus m.x t.i.d.
Strophanthus m.x t.i.d.
Strophanthus m.x t.i.d.
Strophanthus m.x t.i.d.
Strophanthus m.x t.i.d.
Strophanthus m.x t.i.d.
Strophanthus m.x t.i.d.
Strophanthus m.x t.i.d.
Strophanthus stopped.

Gone home for Christmas.

Six groups of 4:1 ratio.
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The most striking effect of the action of strophanthus on the heart's
action is seen in the notable decrease in the frequency of the auricu¬
lar contractions. It is to be noted that no such effect is exerted upon
the ventricular contractions; on the contrary, these are conspicuously
increased in rate. In this way is brought about an approximation
toward normal heart action, as shown by the decrease in the As : Vs
ratio. These findings are a confirmation of the statement I made in
another place, that strophanthus slows the heart by stimulating the
vagus norve. They also confirm the animal experiments of Kochmann
and of Liagre and show the propriety of their application to the human
heart. The ventricles in this case exhibit the tendency to acceleration
manifested in the tachycardia of the isolated and perfused heart when
it is subjected to the action of strophantluis. Yon Tabora17 made some

experiments on the mammalian heart which may be of interest in this

Cardiac Apex

Timal/joirc

Fig. 11.—Tracing taken later after the withdrawal of strophanthus. The
auricular frequency continues to increase. The improved cardiac condition per¬
sists (Jan. 6, 1909).

connection. After crushing the bundle of His, thereby producing a

complete and permanent auriculoventricular dissociation, this investi¬
gator injected digitalin intravenously; the results which he obtained
Avere a doubling of the ventricular rate and a gradual decrease in the
auricular rate going on to complete arrest. Thus it will be observed
that there exists a certain parallelism in the mode of action of stro¬
phanthus and digitalis (digitalin) in bringing about a decrease in the
frequency of the heart beat.

17. Von Tabora, D.: Ueber die experimentelle Erzeugung von Kammersys-
tolenausfall und Dissociation durch Digitalis. Ztschr. f. exper. Path. u. Therap.,
1906, iii, 549.
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That the slowing of the auricles was not fortuitous is shown by the
fact that, following the complete withdrawal of the drug, their rate
gradually increased until it reached and went beyond the figure which
it had before the test. The tonic action of the drug on the ventricles
persisted, so that their frequency remained a little higher than imme¬
diately before the test.

The improvement of the circulation under the influence of stro¬
phanthus had a most remarkable result. The syncopal and epileptiform
seizures which had been increasing in frequency and severity gradually
became less frequent and in a short time disappeared, not to return

Fig. 12.—Chart based on Table 4, showing the effect of strophanthus on the
auricular and ventricular rates. Apparently, the auricles either escape from
vagus stimulation or the vagus ultimately fails to respond to the prolonged action
of the drug.

again, even after the withdrawal of the drug. The patient ultimately
felt so well that he left the hospital.

Jagic18 has reported a case of Adams-Stokes syndrome in which
a temporary improvement followed the administration of small doses of
digitalis (0.05 gm. a day). He supposes that this result was an effect

18. Jagic, N.: Ein Beitrag zur Kasuistik des Adams-Stokes'schen Symptomen-
komplexes. Ztschr. f. klin., Med., 1908, lxvi.
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of the small dose of digitalis used, which, he thinks, could hardly have
stimulated the vagus, but could, nevertheless, have acted directly on
the heart muscle.19 He states that digitalis in larger doses may do harm
by further depressing conduction through vagus stimulation; but, as his
case was in all probability one of complete heart-block, and as Erlanger's
experiments, as Avell as the atropin and strophanthus tests, indicate that
the vagus influences the auricle only, Jagic's fears do not appear Avell
founded. That vagus stimulation, in cases of complete block, is not
incompatible with decided improvement in ventricular action is shoAvn
in the study of the effect of strophanthus herein reported. The result
might be different in cases of incomplete heart-block, for in this condi¬
tion some of the auricular impulses pass over to the ventricles, and
usually these are still dependent for their contraction on the arrival of
the auricular impulses. A sloAving of the auricles, through the action
of digitalis or strophanthus on the vagus, would inevitably be folloAved
by a decrease in the frequency of the ventricular contractions. Digitalis
might, moreover, further depress the conductivity of the auriculoven-
tricular bundle. The combination of these tAvo effects Avould naturally
aggravate the condition. Such a result is apparently not to be feared
in cases of complete heart-block.

I wish here to express my indebtedness to Professor J. C. Wilson
for the privilege of studying the case.

19. The article does not contain any tracings, nor is there any mention of any
having been taken.
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